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0 bject ives 

0 To experimentally validate bi-axial plate 
flexural performance of PMC-Ti H/C-A286 
sandwich panels for the internally pressurized 
RBCC combustion chamber support structure 

0 To explore ASTM 2-D plate flexure test (D 
6416) to simulate the internal pressure 
loading and to correlate the results with 
analytical and FE mudding based on 2-D 
flexure prope 
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Sandwich Panel Configuration 

Loading Direction 

Stainless steel facesheet 

Metallic Honeycwnb 
High TemperaWre 
Polymer Adhesive 

Joint Meetlngs of ASTM D30 Committee, MILHDBK-17, and SAE Committee P17, oct 27-31,2003 3 

D Fabrication of sandwich panels 
1) PMC facesheet fabrication (4% M40J/PMR-IS-50, [Of, 9oflls ), cured 

@ 700 OF/25in-Hg/200psi 
2) Surface treatment of metal f/s and metallic Honeycomb core flurco 

etching/Boegel-AM Sol-Gel/Prirner); PMC by scatchbrite or grit blast 
3) Vacuum bagging the sandwich lay-up with high temp adhesive 

Cure at 3700F/22in-HgflO psi for 4 hou , remove from vac-bag 
5 )  Postcure at 700 OF for 16 hours in air-circulated oven 
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0 Panel Type I CBLB2): PHC-Metat H/C-PMC for symmetry and to 
vai'iate the 70WF P I  adhesive 

0 Panel Type 11 (BLB3): 1 4 W F  Epoxy Bmdea seeet-luletal H/C-P?K 
for minimal warpage and In evaluate awerat1 &&mation behavior 
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Experimental 
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Apparatus 
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T st  Setup 
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Test Setup 
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Test setup 
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Test Setup Qj!rm 
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ASTM D 6416 Hydromat Pressure vs. Deflection 
57"~20.08"x?0.08", SupportSpan500mmx5M)mm 
n Stiffness Ramps, SbokeControl 
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‘SA1 a Static Deflection Data 
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Effective Cantact Area I 
Hydromat Footprint Area vs Force from Stroke Ramp Test 

Applied Force (lbf) 
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%AI Fatigue Sinusoid 

Time (seconds) 
Dah sam@Bng mtenal: 0.m seconds 
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HydranatForrsv~~Del l~on 
w ~ s ~ 0 . 5 7 - x  20.08- x zaog parel+, support span 580 nun xSW mm 
La&Ca&Md Filllpuo.4,mO Ibf Peak R =ai, a25 Hz 
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mx500mm 500 mm 
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ASTM D 6416 Hydromat Pressure vs. Defkc60 ' n  
NASAPanels 0,!5?ax M . W  x 20.08'. S u W S a a n  500 mm x 500 mm 
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Defieciion of Panel Center ciches) 

A- greed 0.1 inches per m u b .  Data sampiing htewal: 3 seaonds. Comer nut torque 32 inch W 
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F a t i g  u e F 0 o t p  r i n  t 
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NDE Results 
0 Panel Type 11 cBlB3) 

Loading 
Side (AZ86) 

Tension 
SidePMC) -K i i 
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- 1  Strain Gaging 
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1 
Hysteresis Data 
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Hysteresis Data QTm 
Hydnrmat Force K. DeRectipn 
tU?SA 0.57" x ~~ x aO8" Wnels, Support Span 5W mmx 5QO m m  
Load-Contfollfed Fawlue. 3.670 ib4 Peak. R = Q.I. 0.25 M 

x 20.88" x 20.08" Panels, Support Span 5M) mm xs00 mm 
LwdGontrotkd firiw a m  ~bf P-IC, R = ai, 0.25 HZ 
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Static Strain Data 
Hyd#omat Face Strain vs. Defledim 
NASA 0.57" x 20.08" x 20.08'' Paneis, Support Span 500 mm x 500 mm 
Ramp-bFailure, Panel BLB2 
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esidual Stiffness 
ASTM D 6416 HydKHnat Pressure vs. Defledion 
NASA Panels 0.57" x 20.08" x 20.08", Support Span 500 mm x500 mm 
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NDE Results  L ‘I4 AbA] 

0 Panel T v ~ e  I tBLB21 

6Wlr P u W c h o  
ulkasonie c-scan 
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m n  

n =  1,3,5 .... 
ssi =1,3,5.. . . 
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Analysis Calibration Q i #  
Aef= 178in2,a=20in, q=16psi,w=0.207 

- 3  
= 2 . 6 6 X  10 I Y 

E e  13 Msi, e- 60 h i  

Computed Miitaid Properties: Ef= 
Measured fisplacem 

mi, Gc= 46.2 ksi 

Face sheet variation: 6 
Honeycomb variation: 
Displacement variation: 53% predicted 
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Experimental Conclusions: *%&+-a 
Simulation testing was successful 
in terms of= 

reparation 

M D6416 can be 
extended to fatigue testing. 

ORepeatability 
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Analysis Conclusions %AI# 
aPanel Flexural and Shear Stiffness are lower 

than predicted 
OValuable estimate of the predictive accuracy 

for sandwich plates 
USources of discrepancy: 

+Isotropic Assum ption/Sa ndwich Model 
+&Boundary Conditions 
+Load Foot Print 
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